
21 COPY 215 
-- / 

pl - . .a RM A51C12a 
1 

RESEARCH MEMORANDlh 1 
i 

INFLUENCE OF AIRFOIL TRAILING-EDGE ANGLE AND TRAILING- 

EDGE-THICKNESS VARIATION ON THE EFFECTIVENESS 

OF A PLAIN FLAP AT HIGH SUBSONIC 

MACH NUMBERS 

By Albert D. Hemenover and Donald J. Graham 

Ames Aeronautical Laboratory 
Moffett Field, Calif. 

a @$ NATIONAL ADVISORY COMMITTEE 
$3 
$J 

FOR AERONAUTICS 
WASHINGTON 

it& 0 
May 22,195l 



%maAma 13Qh JM 1 l’t95’J 

To: Dirtribution 

PXOH: 19Oh/Slcurity Cla8sific~tioa officer 

BuEuECT: &utbrity to Drclrrsify NhCA/MsA Docuaentr Dated Prior to 
Januuy It 1960 

Bffrativr thf8 date, rlf arsificd by thfa Center prt;or to 
danurry I, 1960, im rphi& rotbn dot?8 not in&xle mauriaL 
drrfvativaly dudfird &t the Cantar upon inrtruatlons from 0th~~ Ageicier, 

fmmdiate remaking fa not rrquirmlr howwcr , WIti rPbterl&l ia ta-marked by 
lining through the cla~rffiuation and annotating wfth the follovtng-statement, 
it murt continua b be protectad an it chrBifiadr : 

‘Decl~Bifiad hy Wtbority of LaRE Bccurity Cbssification Officer @CO) 
leftor dated Junm II, 1993,. 
m-marking. 

and rhe signature of person parforming thu 

Zf a-marking a Iargm aqmt of nutfirial ir deafrrbla, but unduly burdenscaie, 
atutodirnm my fullor the instructiona contained In FM 1640.4, subpart Be 
rmotlon 1203.604, paragraph (h) . 

TM8 dechorificatioa Mtton acmpl$fmtr earlier actfonr by the rtaticati 
hrohiver and mrdr Servfcs (NM) and by the #MA Security ChrefficatiOB 
Officer (em) . Xn Dr&aBmification Ilev$eu Progtm 807008, guKB dealassfffti 
the Canterls %eaaaroh AuUorizationr filer, which contain repQrta, Research ' 
huthorizationn, corrarpondsnce, photographer and other ckmumentatiuc. 
Wlirr, in l 1971 letter, the NASA 9CO declas$tiod a11NMWNASA fOrti 
rerirr domaanta wfth the woeption of the fellowhg npctts, vhf& must 
remrin ulasrifiedr 

. 
Dociunmnt No. Plrst Authac 



rf you have my que8tfona concarnlng thiS mttal, phase call Hr. William L. 
8imkins at extension 1281. 

Diatributiont 
SOL 031 . 

cc1 

lih!Th 8afantitio md Techniall 
Inforlution Taeilfw 

?.a. Wx 6757 
Ens hfrport, p 21240 

nh&lh--axlI4/umcurf e 
. . 

lIP&/MM 

I'. 
.-: - . 

.:" 

&lS. )> --t :. : . . - . 
. 

: . ..e .- .:r:... - 
.I . : :* 

i ,. ,. .I -. . : . . 

. 

. 

E0.d 

.- J 

. 



l* 

a 

. 

NACA RM A51Cl2a 

The effects of vsrfation of tr%IXng-edge angle and trailing-edge 
thickness on the lift characteristics of a lo-percent-chord thick 
SymmetricaL NACA airfoil sectfon tith a 25-percent-chord plain fl%p are 
appraised from wind-tunnel tests at Mach numbers from 0.3 to 0.9 and 
Reynolds numbers varying correspondingly from 1 to 2 million. The air- 
fofl tr%iling-edge engle x&s vwied from %ppr"xftely 18O to 6O, and the 
trailing-edge thickness from zero to the thickness at the fl%p hinge line. 

Reduction of the trailing-edge angle decreases, %t moderate %ngles 
of attack, the loss of flap effectiveness for small deflections ordW%rfly 
noted at high subsonic Mach numbers for airfoils of conventional profile. 
At zero angle of %tt%ck, reduction of the trailing-edge %ngle has no 
effect on .the v%ri%tion of flap effectfveness with Mach number but has 
the f%vorable result of decreasing the r%nge of flap deflections for 
which the effectiveness is zero or negative. 

An increase of the airfoil truing-edge thicbess results in %n 
increase of flap effectiveness at virtually all Mach numbers. The 
results indicate further that, at zero angle of attack, %n increase of 
trailing-edge thickness promotes, in general, %n increase of 1-t effec- 
tiveness from the low-speed value in the rsnge of Mach numbers for which 
the effectLveness of a sbsrp trailing-edge flap decreases sharply. 
For the psrticulsr thickened trailing-edge fl%ps Investigated., however, 
the variation of effectiveness tith Mach nmber would appe%r to be 
undesirably large. 

lII?TRCDUCTTON 

The influence of two elements of d*frfoil geometry, trailing-edge 
and tr%iling-edge thickness, 

y PER~~YENT 

on the lift ch%r%cterfstfcs of airfoil 

a,&& 
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sections and the effectiveness of trailing-edge control surfaces at 
transonic Mach numbers has recently become the subject of considerable 
interest. In the investigation of reference 1, the aermc 
characteristics of an airfoil section lO-per'cent chord thick at Mach 
nur&ers from 0.3 to 0.9 were determined for trailing-edge augles of 
=O, and 18O. 

6O, 
The first part of the presetitinvestigation extends this 

study to an appraisal of the effects of this trailing-edge-angle variation 
on the characteristics of the same airfoil section with a 25-percent-chord 
plain flap. 

l 

The second pa.%3 of the investigation was prom&4 by reports from 
free-flight investigations of generally improved effectiveness at tran- 
sonic Mach numbers of aIlerona with thickened trailing edges as compared 
to that of sharp trailing-edge surfaces. To examine the effects of 
trailing-edge thickness on the variation of flap effectiveness tith Mach 
number, the characteristics of the airfoil section of the trailing-edge- 
angle study were determined with 25-percent-chord plain straight-sided 
flaps having trailing-edge thickne9se.s equal to, and one-half of, the 
thickness at the flap hinge line. 

NOTA~ON 

C chord of airfoil 
. 

cd section drag coefffcient 

C2 section lift coefficient 

w/e section pitching-moment coefficient about the quarter-chord point 

h airfoil trailing-edge thickness 

M Mach nmiber 

R Reynolds nmiber 

T.E. trailing edge 

t oe7sc airfoil-section thickness at 0.75~ 

a0 
section arigle of attack, degrees 

Fe flap deflection, degrees 

&2 
atjP 

section flap--effectiveness parameter, rate of change of 
section lift coefficient with flap deflection at constant ao 

. 
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AIRFOILDESCRIX'ION 
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The basic airfoil-thickriess distribution for the Investigation was 
tit of the modified NACA four-digit series (see reference 2) with 
maxim= thickness at the kO-percent-chord station. This thickness 
distribution per&ix the profile aft of the maximum-thickness location 
to be changedsufficient& to provide the desired variation 
edge angle without chnging essentially the forward portion 
airfoil section, 'Ilhe proffles tivestigated are illustrated 
and are designated as foUows: 

in trailing- 
of the 
infigure 

Proftie 

NACA 0010-0.70 40/1.575 
NACA OOlO-q.70 kC/l.O5l 
NACA OQlO-O.70 h/O.524 
NACA WlO-O.70 40/1.575 (Mod. A) 
NACA 0010-0.70 4-O/1.575 (Mod; B) 

Trailing- 
Eage We 

u-go 
riz!O 

The first four digits have the same significance as the airfoil designa- 
tion given in reference 2 and specify the csmber and maximum thickness 
of the profile. the decimalnu~&erfo~owing the-dash is the leading- 
edge -radfus index; the leading-edge radius as a fraction of the airfoil 
chord is given by the product of the radius index and the squsre of the 
thickness-chord ratio. The two digits immediately preceding the slant 
represent the lodation of maxfmum thickness in percent of the chord from 
the leadIng edge. The last decimalnumber fs thetra3tig-edge-angle 
index, the anglebeing twice the arc tangent of the productofthe 
smile index and the thickness-chord ratio. 

For the trailing~dge-thicl.mess study, the proffles consisted of 
NACAOO10-0.7C 40/1.5~aitioilsmdifiedsft of the ~eroent--chord 
point. ModHication A consisted of the substitution of a parallel-sided 
section of thiclmess equal to that at the 75yercent-chord station for 
the normal contour aft of this point. Modification B was formed by 
substituting for the nom~l profile a straightiided section tith 
trailing-edge thickness equal to on&If that at the ppercen-t;chord 
station. 

The coordinates for the airfoils of the investigation are Ueted in 
table8 I to V. 

. 
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APPARATUS AND TESTS 

The tests were made in the Ames l- by 3-l/2-foot high-speed wWl 
tunnel, a two-dimensional-flow wind tunnel of relatively low turbulence 
level. 

Five 6-inch-chord airfoil models were constructed of aluminum 
alloy for the tests. The models completely spanned the short dimension 
of the wind-tunnel test section. End leakage at the model was prevented 
by the use of contoured sponge-rubber gaskets compressed between the 
ends of the models and the tunnel walls. Flap deflection was simulated 
by progressively bending the aft 25 percent of the profile through a 
total angular range of as much as 16'. For each of the profiles, the 
thickness at the 75-percent-chord position (representative of the hinge 
line of an actual 25-percent-chord plain flap) was relieved to facilitate 
the bending. Surface continuity was preserved by filling the resultant 
gap with glazing putty. 

Measurements of lfft, drag, and pitching moment were made at Mach 
numbers from 0.3 to as high as 0.9 for the various models at angles of 
attack ranging in general from -2O to 1-2~. Flap deflection was varied by . 
small increments from approximately -lo to approximately 6O for the 
greatest part of the investigation. 
40/1.575 section, 

In the case of the NASA 0010-0.70 
the deflections were extended in the positive direction 

to approximately 14O. It was not possfble, by the mesns employed, to .* 
obtain unfform increments of flap deflection. Sufficient data were 
obtained, however, to permit, with reasonable accuracy, the determination 
of the effectiveness of the various flaps for small deflections. 

Lift and pitching moments were measured by a method similar to that 
described in reference 3 from integrations of the pressure reactions on 
the tunnel walls of the forces on the airfoils. Drag was determined 
from wake-survey measurements made with a rake of total head tubes. 

The variation of Reynolds number with Mach number for the tests 
is illustrated in figure 2. 

RESULTS AND DISCUSSION 

Section lift and pitching-moment coefficients at constant angles 
of attack are presented as functions of Mach number for the various 
profiles and flap deflections in figures 3 to 12. Drag coefficients 
for the sharp trailing-edge airfoil sections are similarly presented in 
figures 13 to 15. The drag characteristics of the thickened trailing-edge 
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airfoils are not included in the report. Schlieren observations dis- 
closed the existence of strongly developed Karman vortex streets fn the 
wakes of these sections, and wake total i;ressure measurements made under 
such conditions have been found to yield erroneous drag results. Section 
lift coefficients as functions of angle of attack for constant Mach 
numbers and flap deflectfons are shown in figures 16 to 20 for the 
various afrfoil sections. 

All the characteristics have been corrected for tunnel-wall inter- 
ference.by the methods of reference 4. Dashed lines have been used in 
figures 3 through 20 to indicate the region of possible influence of 
wind-tunnel chdklngon the results. 

The pitching-Jlloment and drag characteristics till not be analyzed 
inasmnch as the object of the present inveatfgation is to determine the 
lift effectiveness of a plain flap as affected by variations of the 
trailing-edge geometry, 

The variations of section 1Lft coeffictent with flap deflection 
at constant angles of attack for various Mach numbers are illustrated 
5n figures 21 to 23 
angles of 17.gor I2 6 

respectively, for the profiles having trailing-edge 
, and 60, and in f-es 24 and 25, respectfvely, 

for the sections tith trailfng-edge thickness equal to, and one-half of, 
the thickness at the flap hinge line, The slopes dcddsf of these 
curves at zero flap deflection protide a measure of flap effectiveness 
and are presented in figure 26 as functions of Mach nu&er for angles 
of attack of O", 4O, m 6’. 

Focusing attention first upon the airfoils with sharp traU%ng-edge 
flaps, it is noted frcza ffgure 26 that the effects of trailing-edge- 
angle variation are confined to Mach numbers above 0.75. At zero angle 
of attack, an abrupt loss of effectiveness beginning at a Mach number in 
the vicinity of 0.8 is evident for all three trail--edge angles. The 
interesting feature of the results in this case is the very small benefit 
derived from reduction of the trailing-edge angle even to a value as 
low as 6O. 

From schlieren photographs (fig. 27) of the flow fields about the 
models at approximately 0.88 Mach number and zero angle of attack and 
flap deflection, it is noted that the flaps lay entirely tithin the 
region of separated flow sft of the compression shocks on the airfoil, 
and therefore could develop virtually no lifting pressures. Asimilar 
observation was made by Gathert in reference 5 from pressure-distribution 
measurements for a g-percent-thick airfoil seeMon. It would be antfci- 
pated from a study of the flow fields that at higher angles of attack 
or larger flap deflections the flaps would again become effectfve. 
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Furthermore, it would be expected that, by virtue of less extensive flow 
separation, the flap withthe smallest trailing-edge angle would display 
the greatest improvement. The results to follow confirm these expectations. 

Tn parts (b) and. (c) of figure 26 a successive improvement of the 
varfation of flap effectiveness with Mach number with reduction of the 
trailing&&e angle is indicated at angles .of attack of 4O and 6'. 
Even at 60 angle of attack, however, the 17.g0 trailing-edge-angle flap 
lost effectiveness for small deflections at the highest Mach numbers. 

Another important aspect of the problem of control-surface effective- 
ness is the extent of the range of deflections for which the surface is 
ineffective. Figure 28 has been prepared to illustrate the effect of 
airfoil profile on this characteristic. Section lift coefficients as 
functions of flap deflection at zero angle of attack are shown for 
each proffle at the highest Mach numbers of the Investigation. Again 
confining the discussion first to the sharp trailing-edge flaps, it is 
noted that the-17.g0 trailing-edge-angle flap at 0.875 Mach number is 
relatively ineffective for deflections from 0' to approximately 4O. 
The extent of this ineffective range is seen to become successively 
smaller with reduction of the trafling-edge angle and is not evident 
for the 6' trail--edge angle. At 0.9 Mach number a favorable effect 
of trailing-edge-angle reduction is also evident. For both the 17.90 
and the l.2' trailTng-edge angles a reversal of effectiveness occurs, 
extending to 4-1/2O deflection for the former and to approximately 
3O for the latter. The 6' trailing-edge-angle flap is ineffective up to 
30 deflection but eweriences no reversal of effectiveness at this Mach 
number. 

From these results it is evident that for conventional airfofl 
sections some improvement in flap-effectiveness characteristics at 
high subsonic Mach numbers may ordinarfly be expected from reduction of 
the trailing-edge angle. At angles of attaok near zero, the smaller the 
trafUng+dge angle the smaller till be the range of flap deflections for 
zero or negative effectiveness. At higher angles of attack, the smaller 
the trailing+dge angle the less adverse till be the effects of Mach 
number on the flap effectiveness. 

If now the case of trailing-edge-thickness variation is consIdered, 
it is observed in figure 26 that the thickened trailing-edge flaps are 
markedly more effective than the sharp trailing-edge flaps at all but 
the highest Mach numbers. The greater effectiveness is ascribed to the 
fact that without the trailing-edge closure the loading on the flap does 
not fall to zero at the trailing edge as in the conventional case. The 
hinge moments of these flaps could be eeected to be correspondingly 
larger than for the sharp trailing-edge flaps. 

. 

c 
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At zero angle of attack, in the Mach nmiber range .&ere the effec- 
tiveness of the sharp trailing-edge flaps commenced to decrease, the 
effectiveness of the thickened tram-edge flaps increasea very 
*sharply. Schlieren photographs (fig. fl) of the flow at 0.88 Mach 
number disclose very much smaller regions of separated flow over the 
blunt trailing-edge flaps than over the sharp trailing-edge flaps. 
(The asymmetry of the shock-wave pattern for the model with the thicker 
trailing edge Is probably due to a small asymmetry in the afrfoil model 
which fs also etident in the lift curves of fig. 6 (c)). Between the 
Mach nm&ers of 0.88 and 0.9, the value of dct/d6p for the flap with 
trailing-edge thickness equal to one-haI the thiclcness at the hinge 
line dropped to virtually zero, whereas that for the fLp with double 
this traiHng-edge thickness wntly continued to ticrease. A 
virtually infinite slope of the curve of lfft coefficient as a function 
of flap deflection at zero deflectfon is Indicated In figure 28 at 0.9 
Mach nmiber for the latter flap. In either case the variation of effec- 
tiveness with Mach mmber is undesirably large and, from the standpoint 
of airplane controllability, possibly even more unfavorable than that 
for the sharp trailing-edge profiles. 

c 

. 

. 

With increasing angle of attack (cf. parts (a), (b), and (c) of 
fig. 261, the variation -Rfth Mach nuu&r of the effectiveness of the 
blunt trail%-edge flaps becomes much less severe, but is still con- 
siderably greater than for the sharp trailing-edge flaps with small 
trailing-edge angles. 

CONCLUDl3G REMARKS 

From a wind-tunnel investigation at Mach nmnbers from 0.3 to 0.9 . 
(1 to 2 million Reynolds nlmiber) of the effects of -trailing-edge-angle 
variation froan 18' to 60; and trailing-edge-thickness variation from 
zero to that at the flap hinge line, on the lift effectiveness of a 
25-percent-chord plain fls$ on a lb-percent-thick airfoil section, the 
following speciFTc conclusions are drawn: 

1. Reduction of the trafling-edge angle decreases, at moderate 
angles of attack, the loss of flap effectiveness for small deflections 
at high subsonic Mach ntiers. 

2. At zero angle of attack, reduction of the trailing-edge angle 
has no effect on the variation of flap effectiveness wfth Mach number 
but has the favorable result of decreasing the range of flap deflections 
for which the effectiveness is zero or negative. 

3. A general increase of flap effectiveness is promoted by an 
increase'of trwng-edge thickness. !the increase is ascrib& to the 
fact that the loading on the thickened trailing-edge profxes does not 
fall. to zero at the trailing edge as is the case for sharp trailing-edge 
profiles . 
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4. At zero angle of attack, an-increase of trailing-edge thickness 
results, in general, in an increase of lift effectiveness from the 
low-speed value in the range of Mach numbers for tiich the effectiveness 
of a sharp trailing-edge flap usually decreases. For the particular 
thickened trailing-edge profiles investigated, however, the over-all 
variation .of effectiveness with Mach number is so large as to be dis- 
tinctly unfavorable from the standpoint of airplane controllability. 

It would appear from the results of this investigation that the 
variation with Mach number of the effectiveness of a plain flap caanot 
be satisfactorily controlled by variation of such parameters as the 
trailing-edge angle and the trailing-edge thickness independently. In 
order to maintain a satisfactory degree of flap effectiveness throughout 
the subsonic Mach number range by variation of airfoil geometry, the 
airfoil shape fiould be such as to prevent flq s.eparation from the 
surface appreciably ahead of the trailing edge. This can readily be 
accomplished by placing the airfoil maximum thickness at the trailing 
edge, but the attendant penalty in drag would be large. To approach 
the desired objective for an airfoil on which some pressure recovery is 
to be made ahead of the trailing edge, present indications are that 
the profile should embody some trailing-edge thickness in conjunction 
with a relatively small trailing-edge angle. 

It should be borne in mind that for Reynolds numbers substantially 
larger than those of the present investigation the foregoing conclusions 
might be considerably modified. 

Ames Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Moffett Field, Calif. 

REXERENCES 

1. Summers, James L., and Graham, Donald J.: Effects of Systematic 
Changes of Trailing-Edge Angle and Leading-Edge Radius on the 
Variation with Mach Nu&er of the Aerodynamic Characteristics of 
a lo-Percent Chord Thick NACA Airfoil Section. NACA RM A9Gl8, 1949. 

2. Stack, J'ohn, and v-on Doenhoff, Albert E.: Tests of 16 Related Airfoils 
at High Speeds, NACA Rep. 492, 1934. 

l 

l 



2 
‘ 

NACA RM A51Cl2a 9 

3. Abbott, Ira H., von Doenhoff, Albert E., and Stivers, Louis S., Jr.: 
Summary of Airfoil Data. NACA Rep. 824, 1945. 

4. Allen H. Julfan, and Vincenti, Walter G.: Wall interference in a 
Two-Dimensional-Flow Wind Tmnel, with Consideratfon of the 
Effect of Compressibility. NACARep. 782, 1944. 

5. Gijthert, B.: Control Effectiveness at High Subsonic Speeds. 
British M.O.S. Vb?Uenrode Reports and Translations No. 72, 
Februsxy 1947. 

t 



NACA RM A%X2a 



NACA RM A51ClZa 
c 

c 

NACA 00/o - 0.70 40//.5?5 secfion 
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NACA 00/O- 0.70 40//.05/ secfh 

%E. Angie, l2O 

NACA 0010 -0.70 40/0.524 secfion 

T: E. Angie, 6O 

NAC4 00/O -030 4Od2Z5 secfion (modS%afim Aj 

I 
I 1 
I 

NACA OOIO -0.70 40/X575 secfkx? (moO'ifi&ion 8) 

figure /. - Airfoi/ grofi&s with 25-pemenf - cbufd ph3.h flap% 
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Figure 3.- Vafiahon of se&ion It8 coefff+cient ms%r Mach number at vwious angles 
of affack for tie iWG4 0010 -0.70 4OA575 akfo# setHon twfb a 25-percenf - chord p/o/n flap. 
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offack Ibr fhe NAGA 0010 - 0.70 40/0.524 a/rfo// secfh hh a 25-percenf - 
chord plain flap. 
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figure 6.- Varhfion of se&on fiff cvefiWenf wifb tYa& nu/mber af varies angles 
of affack fw f/e NACA 00/O-0.70 40//.575 fmodificafion A) a/if&/ secfibn Mh 
a 25-percent-chord plain ffap. 
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